This study re-examines the variation in selling prices between the auction and private treaty method of sales. Using sales data from five major Australian capital cities over a four year period, we estimate a hedonic pricing model. Results indicate that for house sales, auctions lead to greater selling prices across all cities examined. However, results for unit sales reveal that this auction premium is only evident in two cities where auctions are less prevalent. Further analysis reveals that self-selection (where a particular method of sale is selected to maximise the selling price) is evident across the sample. After controlling for this self-selection bias using a two-stage model, houses sold via auction generally command a higher price. This suggests that the auction method of selling provides a price premium over the private treaty method of sale. 
Introduction
The efficiency of the market for residential real estate is studied widely, mostly drawing on US data. Much of this work concludes that real-estate markets function with suboptimal efficiency (e.g. Case & Shiller 1989 , 1990 Ashenfelter & Genesove 1992; Mayer 1998) . However, this work is generally unable to fully rule out market efficiency, but instead has pointed to the fact that optimal market efficiency is unlikely, given the large transaction costs in the real-estate market when compared with, for example, those that pertain in equities markets. Another reason for these findings can be attributed to market design. Differences in market design are studied extensively across various types of markets, such as equities, derivatives and foreign exchange. In relation to real-estate markets, the comparison focuses on prices generated at auctions and private negotiations. Much of this work is based on data derived from the US, and it has produced inconsistent results. Several studies find that prices paid at auction tend to be higher, and in one study by Ashenfelter and Genesove (1992) , the auction premium is as high as 13%. On the other hand, several studies find that auctions result in lower average property prices (e.g. Mayer 1998). Previous work is of limited application to the Australian market, even though the structure of the Australian market (especially in major metropolitan areas) is much more conducive to this type of research. In US markets, auctions are used as a last resort, usually when owners are under financial duress and are thus required to sell (Vanderporten 1992) ; hence, the results of such studies suffer from external validity biases. This contrasts with markets in major Australian cities, in which auctions are seen as a viable method for selling residential property. While private negotiations provide potential buyers time to consider and theoretically have an infinite time period, auctions provide several other benefits. The auction process promotes competitive bidding, ultimately removing any price barriers, which is particularly beneficial for unusual or desirable properties which are difficult to price. A set date of sale also encourages potential buyers to act quickly, possibly reducing the time to sell a property.
There are two studies based on Australian and New Zealand markets (Lusht 1996; Dotzour, Moorhead and Winkler 1998) 1 . Lusht (1996) examines selling prices for 163 properties sold via auction versus 58 properties sold via private treaty in Melbourne, Australia, over the period January 1988 through March 1989. A probit analysis reveals that the choice of marketing depends on the age, condition and date the property is sold, with older and more run-down properties being increasingly likely to be sold via private treaty. After controlling for several qualitative characteristics of the properties sold (using a hedonic pricing model), Lusht (1996) finds that auction sales command a premium of AUD $19, 326 (approximately 8%) . Dotzour, Moorhead and Winkler (1998) examine differences between selling prices at auctions and private treaty for 158 housing transactions in Christchurch, New Zealand, over the period September 1991 through December 1992. Initial results of a probit analysis indicate that larger, higher quality and more expensive properties are more likely to be sold via auction. However, the probability of selling a property is cyclical and is also related to the level of interest rates (during the sample period analysed, the level of interest rates was falling). Further analysis, which controls for several factors including the size, age, condition, location and construction of the property, reveals that properties sold via auction have up to a 9.5% price premium compared to sales via private treaty.
Both the studies by Lusht (1996) and Dotzour, Moorhead and Winkler (1998) are based on small samples from one city over relatively short time periods (15-16 months) . As with all financial markets, real-estate markets experience particular trends through time. It is thus difficult to draw conclusions based on such small samples over short time periods. The primary motivation for this study is to re-examine the impact that the method of sale has on selling prices. The dataset available for analysis in this study is significantly more comprehensive, covering sales of properties in five Australian capital cities over a four year period (2005) (2006) (2007) (2008) (2009) . By examining multiple cities in one country, major macro-economic variables are controlled (for example, the level of interest rates), leaving region-specific variations in selling methods and prices open for examination.
Both the studies by Lusht (1996) and Dotzour, Moorhead and Winkler (1998) control for the obvious simultaneity bias in testing whether auction mechanisms impact on the price at which properties are transacted (i.e. the auction mechanism may determine the sales price but the likely sales price may also determine whether an auction mechanism is used). However, they did not control for possible selection biases in transactions. One of the biases is that many properties are passed in at auction because the highest bid is lower than vendor expectations 2 . It is possible that some of these properties are later sold through private treaty, suggesting that a portion of private sales are likely to be failed auction results that may have been sold at lower prices. The dataset available provides information on properties passed in at auction so that any potential influence can be controlled.
Another motivation for the current study is the ability to examine house sales separately from unit sales. While both Lusht (1996) and Dotzour, Moorhead and Winkler (1998) develop hedonic pricing models that attempt to control for differences in properties, there are significant differences between houses and units that may affect the ability of the model to differentiate selling prices. While houses in the same area (or even on the same street) often exhibit significant variation in age, style, quality etc., units exhibit significantly greater homogeneity. Units within the same complex generally share many attributes, and unit complexes within the same area are often viewed as close substitutes. Examining how the method of sale affects the selling price of units thus overcomes (to some extent) the need to control for variations in the attributes of the property.
In addition to these primary motivations, there are other differences between this study and those of Lusht (1996) and Dotzour, Moorhead and Winkler (1998) that warrant further research. During the sample period examined by Lusht (1996) , seller or 'dummy' bids were legal and commonly used, generally to promote bidding and inflate prices. More recently, this practice has become illegal. For example, the NSW Office of Fair Trading has recommended legislation to ensure that all bids and bidders are bona fide and that transaction prices are not artificially inflated. This led to the passing of the NSW Property Stock and Business Agents ACT 2002 3 . Given that Lusht (1996) finds that properties sold at auction command a price premium, the potential for dummy bids to drive these higher prices is a confounding factor not evident in the current study.
During the sample period examined by Dotzour, Moorhead and Winkler (1998) , the level of interest rates was falling in New Zealand, from 11.8% at the start of the sample period to 8.9% by the end of the sample period. Anecdotal evidence suggests that during periods of falling interest rates, potential buyers are more aggressive to enter the market, potentially making the auction method of sale increasingly popular, and possibly driving the auction price premium documented by Dotzour, Moorhead andWinkler (1998) . The four year sample employed in the current study covers periods of both rising and falling interest rates, thus mitigating (at least to some extent) the potential bias introduced by uni-directional interest rate movements.
Results of the analysis indicate that for house sales, auctions lead to greater selling prices across all cities examined. However, results for unit sales reveals that this auction premium is only evident in the two cities where auctions are less prevalent. Further analysis reveals that a self-selection bias is evident across the sample. After controlling for this selfselection bias using a two-stage model, houses sold via auction generally command a higher price.
The remainder of the paper is organised as follows. The following section details the dataset examined and the hedonic pricing model used. Section 3 outlines the methodology used. Section 4 provides details of the empirical results, and Section 5 summarises the paper and details several areas for future research.
Data and Descriptive Statistics
The dataset used in this study is provided by RP Data, Australia's largest residential real estate company. This data contains details of property sales in five of Australia's mainland capital cities, which is then matched to proprietary property listings and attributes data. The listing information provides details regarding the list type (i.e. auction or private sale), listing publication date, auction date, listing price, and agent details. The attribute information provides property-characteristic information such as the number of bedrooms, number of bathrooms, land size, air-conditioning, pools, scenic views and location. The data covers the period January 2005 to June 2009, during which time over 536,000 property transactions are identified as being transacted via either auction or private sale. A potential bias inherent in the data is that many properties are passed in at auction because the highest bid is below the reserve price set by the vendor, and these properties are later sold through private treaty. Alternatively, some properties originally listed for private sale do not sell in an 'acceptable' time period and are subsequently sold via auction 4 . To control for such events a property is deemed to be listed if there is an uninterrupted advertising campaign (of the same type) not exceeding 3 months.
Descriptive statistics are reported in Table 1 (see Appendices for all tables) for house sales and Table 2 for unit sales. Over the period January 2005 to June 2009, there are approximately three times more sales achieved via private treaty than auction. Comparing results across cities, Melbourne has the greatest proportion of auctions, closely followed by Sydney. Conversely, Perth exhibits the lowest proportion of auctions. Across all capital cities, properties that sell via auction achieve higher prices, with both Melbourne and Sydney experiencing the greatest discrepancy in prices, particularly for house sales. The average time on market is similar for both auction and private treaty sales across all capital cities for both houses and units. Figure 1 depicts several further descriptive statistics for the entire Australian sample. It shows that auctions are a good mechanism to concentrate liquidity. The median time on the market -the difference between sale date and listing date -is relatively constant at approximately 25 days. Conversely, time on market for private treaty sales is higher at approximately 37 days. Time on the market for private treaty sales also exhibits seasonality, with large increases around the start of each calendar year.
Figure 1 also depicts the absorption rate. The absorption rate is defined as the ratio of number of property listings to average sales volume; it measures the ability of the market to sell all of the properties for sale in a given amount of time 5 . A declining figure indicates the inventory of stock on the market is decreasing as more properties are being sold than are coming onto the market. A rising absorption rate implies that there are more properties coming onto the market than there are buyers willing to buy at the market prices. Figure 1 provides anecdotal evidence of a relationship between time on the market and absorption rate. During periods where the absorption rate is increasing, the time on the market is also increasing. Conversely as the absorption rate decreases, time on the market decreases. During the period of examination (2005) (2006) (2007) (2008) (2009) , the Australian property market increased by 26.9%. 
Empirical Methodology
To compare the differences in prices of property sold at auction vis-à-vis those sold via private treaty, the following pricing model is estimated to examine the quality-controlled differences in prices:
where SPi is the selling price of property i, x i is the vector of property and market variables, B is the vector of regression coefficients and ε i is the disturbance term. The vector of property and market variables (x i ) is described as follows:
• ListType is a binary variable which equals 1 when the property is sold via auction
• LandSize is the natural logarithm of the property land size
• Bathroom is the number of bathrooms in the property
• Bedroom is the number of bedrooms in the property
• CarSpaces is the number of car spaces in the property
• BedBath is the ratio of bedrooms to bathrooms in the property
• Pool is a binary variable which equals 1 when the property has a pool
• Water is a binary variable which equals 1 when the property is waterfront
• Air is a binary variable which equals 1 when the property has air-conditioning
• Views is a binary variable which equals 1 when the property has views
• InterestRates is a variable that measures the RBA cash rate at the time of sale
• SSD is the statistical sub-division in which property i is located
• SSD * ListType is an interaction variable of statistical sub-division and list type A potentially confounding factor in estimating Equation 1 is the issue of selfselection. That is, individuals may select the method of sale that is most likely to maximise the selling price. Thus, any differences in selling prices inferred from the hedonic pricing model may be driven by the choice of selling mechanism rather than by any fundamental difference in prices achieved from auction versus private treaty sales. This same issue was addressed in Dotzour et al. (1998) by employing a two-stage model.
We adopt the method used by Luez and Verrecchia (2000) in their study of several German companies that changed from a German to an international reporting regime. Similar to Luez and Verrecchia, we estimate a two-stage cross-sectional regression to control for the possible self-selection bias. The first step specifies a probit regression to model the choice between auction and private treaty. As previous research suggests that properties sold via auction are generally more unique and of higher quality, variables that relate to the size, quality and attributes of the property are included in the probit model. The second step of the two-stage technique is to model the link between the property characteristics identified and the differences in selling prices between auction and private treaty sales. This specification takes into account that the selling mechanism variable (ListType) is endogenous, and thus measures the marginal effect of an auction versus a private treaty sale.
Results
Results from the first-stage probit model are presented in Table 3 (see Appendices for all tables) for house sales and Table 4 for unit sales. Coefficient estimates on the control variables suggest that larger, better quality properties (both houses and units) are more likely to sell via auction, as are properties with views. The likelihood ratio statistics (LR) range from 15,188 to 166,166 for houses and 1,123 to 45,419 for units. These results indicate that the model explains significant variation in the probability of selling properties via auction or private treaty.
Results from the second-stage regression are presented in Table 5 for house sales and Table 6 for unit sales. The adjusted R-Squared values are all in excess of 44% for house sales and in excess of 29% for unit sales, indicating that the model explains significant variation in selling prices after accounting for the possibility of a self-selection bias. All values for Lambda are statistically significant at all conventional levels, for both the house and unit sale regressions. All coefficient estimates for the ListType dummy variable are significantly positive for both the house and unit sale regressions. This suggests that, after controlling for self-selection between auction and private treaty, the auction premium still remains.
Results from the generalised hedonic pricing model for the entire period are presented in Table 7 for house sales and Table 8 for unit sales. The hedonic pricing models estimated for each capital city all have adjusted R-Squared in excess of 44% for house sales and 30% for unit sales, highlighting the good explanatory power of the model. Consistent with previous research, the coefficient on ListType is positive for each capital city for house sales, indicating that houses sold at auction have higher prices relative to those sold via private treaty. However, for the unit sales regressions, the coefficient on the ListType variable is only statistically significantly positive for Perth and Adelaide, with Melbourne, Sydney and Brisbane all exhibiting statistical insignificance. This suggests that the advantage to the auction method of sale previously documented (including in this study) does not extend to the sales of units.
The majority of explanatory variables have coefficients with the expected sign and significance. Larger houses and units with views generally sell for greater amounts. The level of interest rates appears to have a varied effect across capital cities. For house sales, higher interest rates reduce selling prices in Melbourne, Sydney and Adelaide, while they increase selling prices in Brisbane and Perth. For unit sales, higher interest rates reduce selling prices in all capital cities except Perth. There is significant variation across Statistical SubDivisions, suggesting that even within capital cities there is a significant variation in selling prices. The interaction between ListType and SSD also highlights that the preferred method of sale, and the resulting sale price, exhibits significant variation within capital cities.
Summary and Conclusion
The efficiency of residential real estate markets is studied extensively in the finance literature. A major conclusion drawn from this research is that real-estate markets function with sub-optimal efficiency, with the method of sale (auction versus private treaty) affecting ultimate selling prices. However, the majority of this literature is based on the US real-estate market in which an overwhelming number of sales are executed via private treaty -auctions are generally used as a last resort. The primary motivation for this study is to re-examine the impact that the method of sale has on selling prices in markets where the auction method of sale is viewed as an equivalent (if not superior) method of selling property. The dataset available for analysis is significantly more comprehensive than that used in previous studies, as it covers sales of properties in five Australian capital cities over a four year period (2005) (2006) (2007) (2008) (2009) .
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Table 5 Sample Selection Regressions -Houses
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